This paper presents a material selection approach for selecting microstrip patch antenna substrate for WLAN applications using multiple attribute decision making (MADM) approach. In this paper, different microwave dielectric materials for substrate and their properties like relative permittivity, quality factor, and temperature coefficient of the resonant frequency are taken into consideration and MADM approach is applied to select the best material for microstrip patch antenna. It is observed that Pb 0.6 Ca 0.4 ZrO 3 is the best material for the antenna substrate in MPA for WLAN applications. It was observed that the proposed result is in accordance with the experimental finding thus justifying the validity of the proposed study.
Introduction
Due to increase in variety of mobile communication equipment, such as laptops, personal digital assistants, smartphones, and wireless modems, the demand for adaptable and functional miniature antennas are growing very fast [1] . A wireless local area network (WLAN) links two or more devices using some wireless distribution method (typically spread-spectrum or OFDM radio) and usually providing a connection through an access point to the wider internet. This gives users the mobility to move around within a local coverage area and still be connected to the network [2, 3] . To achieve this, microstrip patch antennas (MPAs) play an important role and are good candidates for wide-band applications.
Material selection for MPA in general and dielectric materials for its substrate in particular are complicated as there are a number of materials that have been proposed; however, each of these materials has certain merits and limitations.
The key performance indices for MPA substrate are relative permittivity, quality factor, and temperature coefficient of the resonant frequency. This paper discusses a strategy for selecting suitable material for substrate based on multiple attribute decision making (MADM) approach [4] in order to improve the antenna performance. This paper is organized as follows. Section 2 explains the microstrip patch antenna design. Section 3 explains the selection criteria of materials. This section describes the decision making approach and details of technique for order preference by similarity to ideal solution (TOPSIS), while Section 4 includes the application of TOPSIS method to antenna substrate material selection in MPAs. Section 5 presents the conclusions drawn from this study.
Microstrip Patch Antenna Design
Schematic view of microstrip patch antenna (MPA) is shown in Figure 1 . The patch and the ground plane are separated by a dielectric substrate. For WLAN application the size of antenna should be small. In order to reduce the size of the antenna, substrate with high dielectric constants must be used. However, this may cause the increase in the cost of material and the frequency shift due to the material tolerance and result in narrowing of the operating bandwidth. So, the design of the antenna patch also plays an important role.
Dielectric substrate materials used in patch antennas include ceramic, semiconductor, ferromagnetic, synthetic, composite, and foams. The properties of substrate materials commonly studied while designing the patch antennas are permittivity ( ), quality factor ( -factor), and temperature coefficient of the resonant frequency ( ). Certain other properties sintering temperature, thermal properties, and chemical compatibility are also considered while dealing with the fabrication aspects.
For antenna in WLAN routers the desirable properties are low permittivity, high quality factor, low temperature coefficient of resonance, and low cost. This is because low permittivity allows larger bandwidth and a high quality factor provides better selectivity and is also responsible for strong resonance and high frequency stability. The variation of resonant frequency with temperature is undesirable, so the absolute value of this parameter should be as low as possible. If we are going for mass production of such antennas then cost should be as low as possible.
Multiple Attribute Decision
Making Approach MCDM (multiple criteria decision making) methods can be used to solve uncertainty problems. Multiple criteria decision making (MCDM) can be broadly divided into (i) multiobjective decision making (MODM); (ii) multiattribute decision making (MADM).
MODM is optimization of an alternative or alternatives on the bases of prioritized objectives.
MADM is selection of an alternative from a set of alternatives based on prioritized attributes of the alternatives.
MODM studies decision problems in which the decision space is continuous and design alternatives are defined implicitly by a mathematical programming structure (a typical example is mathematical programming problems with multiple objective functions).
On the other hand, MADM concentrates on problems with discrete decision spaces and alternatives are defined explicitly by a finite list of attributes. In these problems the set of decision alternatives has been predetermined. Moreover, an attribute with a direction may be an objective. Different types of methods are developed based on MADM approach. For the present work, we adopted the TOPSIS method to find the best alternative [4] . TOPSIS stands for technique for order preference by similarity to ideal solution. This is based on the idea that the chosen alternative should be nearer to the ideal solution and away from the negative-ideal solution in some geometrical sense.
The TOPSIS method takes the following steps.
Step 1 (construct the normalized decision matrix). The value of each criterion is normalized to 1. The characteristics × (GHz) , (ppm/ ∘ C), and base material cost ($/g) are considered for criterion with higher benefits in higher value; each value is divided by the highest value. For criterion with higher benefits in lower value, each value is divided by the highest value, giving the highest value a value of 1, and then these values are subtracted from 1. So we get the normalized decision matrix .
Step 2 (construct the weighted normalized decision matrix). With the set of weights = ( 1 , 2 , 3 , . . . , ) the weighted normalized matrix can be generated as follows:
where " " is the number of alternatives and " " is the number of criteria.
Step 3 (determine the ideal and negative-ideal solutions). The ideal solution * and the negative-ideal solution, denoted by
In (2), 1 = { = 1, 2, 3, . . . , and is associated with benefit criteria}, 2 = { = 1, 2, 3, . . . , and is associated with cost criteria}. Therefore, it is obvious that the previous created alternatives * and − represent the most preferable alternative, that is, the ideal solution, and the least preferable alternative or the negative-ideal solution, respectively.
Step 4 (calculate the separation measure). Next the separation distances of each alternative from the ideal solution and the negative-ideal solution are reached by the -dimensional Euclidean distance method. That means * is the distance 
and the distance from the negative-ideal solution is defined as follows:
Here, V * and V − are the values of the best and the worst alternative in a particular criteria " . "
Step 5 (calculate the relative closeness to the ideal solution). The relative closeness of an alternative with respect to the ideal solution * is represented by
where 0 < * < 1 and = 1, 2, 3, . . . , .
Apparently an alternative is closer to the ideal solution as * approaches 1.
Thus, * = 1, if = * , and − = 0, if = − .
Step 6 (rank the preference order). Now a preference order can be ranked according to the order of * . Therefore, the best alternative is the one nearer to the ideal solution and away from the negative-ideal solution.
The labels proposed for the weighting are the following:
= {Essential, Very High, Fairly High, High, Moderate, Low, Fairly Low, Very Low, Unnecessary} .
Result and Discussion
Various properties of different possible materials for patch antenna substrate suitable for WLAN applications are tabulated and shown in Table 1 .
The normalized matrix is ] .
(
Highest value of weight is given to that parameter which is more essential, in this case it is and least value is given to the parameter which is not that much important. Hence the weighted matrix is ] .
In this, ideal and nonideal solutions are as follows:
ideal: 0.264 0.3 0.2 0.097911 ; nonideal: 0 0.09 0 0 . From the weighted normalized matrix, the value of separation variables was found out to be * 1 = 0.204887, 
Now we can calculate the ideal solution from the following:
So the ideal solutions are given in Table 2 . The ranks are given based on their " " values. The material with highest value was given the best rank. So from these ranks we can say that, out of the selected materials, Pb 0.6 Ca 0.4 ZrO 3 was found to be the best material for the substrate of microstrip patch antenna for WLAN application followed by The outcome of this study is compared with the patent filed by Killen and his coinventors [14] and it is observed that using this material best performance of the antenna with miniaturized size can be obtained which is required for WLAN application. So this validates our study of dielectric substrate ceramic material for microstrip patch antenna.
Conclusion
This paper presented the material selection for the microstrip patch antenna substrate for WLAN applications using multiple attribute decision making (MADM) approach using technique for order preference by similarity to ideal solution (TOPSIS). It was observed that Pb 0.6 Ca 0.4 ZrO 3 is the best material for the antenna substrate for WLAN applications followed by 
